Freshly isolated rat hepatocytes, loaded with the Ca2+ probe responded 
INTRODUCTION
We have previously shown that pancreastatin, a new pancreatic peptide [1] , produces hepatic glycogenolysis both in vivo and in vitro [2, 3] . We have also pointed out the Ca2+-dependence of this effect in isolated hepatocytes [3] . The effect of a number of glycogenolytic hormones, such as vasopressin or noradrenaline, results from an increase in cytosolic free Ca2+ ([Ca2+]1) [4, 5] . This Ca2+ mobilization has been shown to be triggered by Ins(1,4,5)P3, which is produced by the hydrolysis of PtdIns (4, 5) P2 by phospholipase C following hormonal stimulation (for reviews see [6, 7] ). On the other hand, Ca2+-mobilizing hormones stimulate Ca2+ influx across the liver cell plasma membrane [8] [9] [10] , an effect that is essential for the sustained phase of elevated [Ca2+]1 [5] and that requires the activation of a G-protein [11] , but involves neither protein kinase C [12, 13] nor cyclic AMP [14] .
The purpose of this study was to determine the effect of pancreastatin on free cytosolic Ca2+. basal values (150 nM) to 700 nM within 3 s, with a maximum at 10 s, followed by a slow decrease for at least 2 min, and levels remained above unstimulated values for up to 10 min (results not shown). This pattern was the same as that produced by other Ca2+-dependent hormones, such as vasopressin and noradrenaline. ATP produced a lower increase, which reached a peak at 400 nM and lasted for 1.5-2 min. The effect of extracellular Ca2+ on Ca2+ transients was studied either by resuspending Fluo-3-loaded hepatocytes in a medium containing no added Ca2+ or by preincubation for 15 min in medium lacking Ca2+ and containing 2 mM EGTA (Figure 1 ). In the first case, 1 min before addition of vasopressin, the increase in Ca2+ is completely abolished, whereas the vasopressin antagonist failed to modify the effect of pancreastatin. When 10 lM prazosin is present 1 min before addition of noradrenaline, the increase in Ca2+ is completely abolished, whereas the increases in Ca2+ caused by pancreastatin and vasopressin were not affected by prazosin (see Table 1 ).
The addition of the activator of protein kinase C [18] PMA to Fluo-3-loaded hepatocytes produces an inhibition of the ATP-as well as the noradrenaline-induced increase in [Ca2+]1. It has been reported that vasopressin-stimulated Ca2+ entry involves a pertussis-toxin-sensitive GTP-binding regulatory protein [11] . Incubation of hepatocytes for 4 h with pertussis toxin (2 ,ug/ml) had no effect on basal [Ca2+], but inhibited in part the response of hepatocytes to pancreastatin and vasopressin. Figure   4 shows the time course of [Ca2+], after addition of pancreastatin or vasopressin, and the effect of pertussis-toxin pretreatment, which inhibited the response to pancreastatin and vasopressin to almost 50%, without modifying basal levels of [Ca2+]1. When hepatocytes were resuspended in medium lacking Ca2 , the Ca2+ transients stimulated by pancreastatin and vasopressin were not affected by pretreatment with the toxin (results not shown).
DISCUSSION
Glycogen metabolism is regulated by hormonal signals, which are mediated by two distinct mechanisms involving either cyclic AMP or Ca2+ (see [6] for review). We have recently described the glycogenolytic effect of pancreastatin, which is independent of the production of cyclic AMP and dependent on Ca2+ [3] . This study describes for the first time the mechanisms involved in the glycogenolytic effect of the peptide hormone pancreastatin on isolated rat hepatocytes. Indeed, we have monitored the changes in [Ca2+]1 under conditions which stress the glycogenolytic effect of this hormone in rat hepatocytes, providing experimental basis for the above statement.
The experimental evidence presented here strongly suggests that pancreastatin mediates an increase in the permeability of the plasma membrane of hepatocytes to extracellular Ca2+, as well as a release of Ca2+ from internal stores. The increase in [Ca2+]1 following pancreastatin stimulation of isolated hepatocytes is very rapid and transient, and returned slowly to near-basal levels. The rapid first component of the response to Ca2+-mobilizing hormones has been described as being caused by both the Ca2+ mobilization from internal stores, an action that is known to be linked to Ins(l,4,5)P, and by the entry ofextracellular Ca2+ [7, 8] , whereas the slow second component is maintained by the stimulation of Ca2+ influx across the plasma membrane [19] and a Ca2+-efflux component [20] .
The fact that Ca2+ transients and the glycogenolytic response of isolated hepatocytes to pancreastatin, illustrated in the present work, are abolished after depletion of intracellular Ca2+ suggests that pancreastatin behaves as a Ca2+-dependent glycogenolytic hormone. Results in Table 1 show that the effect of pancreastatin could be mediated by interaction with specific receptors, since the increase in [Ca2+]1 induced by pancreastatin was not inhibited by either the vasopressin antagonist V1 or by the a-adrenergic antagonist prazosin, whereas they inhibited the response to vasopressin and noradrenaline, as expected [21] . On the other hand, the effects of pancreastatin on [Ca2+], and glucose release are comparable with those caused by vasopressin. The effect of treatment with PMA further supports this similarity, since PMA inhibited the response to ATP and noradrenaline, which is in accordance with previous studies [22] [23] [24] , whereas a minor effect was observed in the response to vasopressin, as previously described [23, 25] and to pancreastatin (see Figure 3) .
The results obtained with pertussis toxin are quite different, depending on whether Ca2+ was present in or absent from the medium bathing the hepatocytes. In the presence of external Ca2+ pertussis toxin partially inhibited Ca2+ transients induced by both pancreastatin and vasopressin, indicating that a GTPbinding regulatory protein could be involved. The effect of pertussis toxin on vasopressin-stimulated Ca2+ transients is in agreement with previous work [11, 26] and indicates that vasopressin stimulates receptor-activated Ca2+ inflow involving a G-protein, suggesting a similar mechanism for pancreastatin action. By contrast, in the absence of external Ca2 , the response to both vasopressin and pancreastatin was not affected by the pertussis toxin, so suggesting a pertussis-toxin-insensitive mechanism. Pancreastatin stimulated PtdInsP2-phospholipase C (V. Sainchez-Margalet and R. Goberna, unpublished work), and the possibility remains to be studied that pertussis-toxininsensitive and sensitive mechanisms can be ascribed to InsP,-induced Ca2+ release and InsP3-or InsP4-induced Ca2+ entry [27] .
On the basis of the relative potency of rat pancreastatin and its related peptides in producing an increase in [Ca2+] , and glycogenolysis in isolated rat hepatocytes (rat pancreastatin > pig 33-49 pancreastatin > pig 1-49 PST), it could be pointed out that pancreastatin may interact with specific receptors on the plasma membrane of hepatocytes. There is evidence to support the fact that pancreastatin stimulation of isolated hepatocytes results in mobilization of Ca2+, involving both pertussis-toxinsensitive and -insensitive mechanisms. Further investigations are now in progress to characterize the pancreastatin receptor in rat liver membranes.
